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ABSTRACT:
A new method is developed for estimating peak pressure coefficients on low-rise buildings with flat roofs based on a
partial-turbulence approach. Wind tunnel tests have been conducted for a 1:50-scale low-rise building model for 6
different upstream turbulence conditions. The time histories of pressure coefficients on the roof were measured
synchronously with the upstream velocity vector. Quasi-Steady (QS) vector models are conducted by a conditionalaveraging technique. Pressure decomposition is achieved by subtracting the quasi-steady pressure component from
the original pressure signal, and a statistical model is developed to account for the pressure component induced by
small-scale and body-generated turbulence. Peak pressure coefficients are obtained by combining it with the QS model
using a Monte-Carlo approach in the time domain. The new model provides reasonably good predictions of peak
pressure coefficients for area-averaged panels subject to suction loads of flow separation.
Keywords: building aerodynamics; peak pressure coefficients; partial turbulence simulation; quasi-steady theory;
low-rise buildings.

1. INTRODUCTION
The QS vector model is an engineering model which assumes the instantaneous pressure on the
building surface is a function of the instantaneous upstream velocity vector. Mathematically it
takes the form:
1
2

𝛥𝑝(𝑡) = 𝜌𝑉(𝑡)2 𝐶𝑝(𝜃, 𝛽)

(1)

where 𝛥𝑝(𝑡) denotes the pressure time series on building surfaces, 𝜌 is the density of air, V(t), θ
and β denotes the magnitude, azimuth, and elevation angles of the velocity vector respectively.
Most research agrees that the QS vector model can effectively capture the pressure fluctuation due
to large-scale turbulence, but turn to miss the effects of small-scale and body-generated turbulence.
As a result, it turns to underestimate peaks significantly (e.g., Richards and Hoxey, 2004; Wu and
Kopp, 2016, 2018). Therefore, to obtain accurate peak pressures from the QS approach, the effects
of the small-scale and body-generated turbulence must be somehow accounted for.
The idea of partial turbulence approach arises from the so-called partial turbulence analysis (PTS),
which refers to only simulating the small-scale portion of the turbulence spectrum in the wind
tunnel, while using the QS vector model to do correction for the large-scale portion (e.g., Irwin,
2008). In this study, the pressure component induced by small-scale and body-generated
turbulence is studied, a statistical model have been proposed to account for the effect, and a method
to estimate peak pressure coefficients is developed.
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2. METHODOLOGY
Wind tunnel tests were conducted in Boundary Layer Wind Tunnel Laboratory of the University
of Western Ontario (UWO) using a 1/50 scale model of Texas Tech University (TTU) WERFL
building (Levitan and Mehta, 1992). The model has plan dimension of 27.5 cm×18.3 cm and a
height of 8 cm. A total of 204 pressure taps were uniformly distributed across the building surfaces.
Pressure signals were sampled at 625 Hz for 200 seconds, for 19 nominal wind directions (0o to
90o in 5o increments). The velocity measurements are made using Cobra probes, synchronized with
the pressure measurements. The location of the velocity measurements is at one building height (8
cm) above the middle point of the front edge of the building roof. Six upstream terrain roughness
conditions were created in Boundary Layer Wind Tunnel II at UWO, which can be characterized
by the turbulence intensity and integral scale. More details of the experimental set up can be found
in Wu and Kopp (2016) and Wu and Kopp (2018).
The QS vector models are conducted using a conditional-averaging technique, which is modified
from the method shown in Wu and Kopp (2018). Both the azimuth and the elevation effects of the
velocity vector are included. Pressure decomposition are processed by the following equation in
the time domain:
1

𝑝𝑙𝑜𝑐𝑎𝑙 = 𝛥𝑝(𝑡) − 2 𝜌V𝑠2 (𝑡)𝐶𝑝(𝜃, 𝛽)

(2)

where 𝑝𝑙𝑜𝑐𝑎𝑙 denotes to the pressure component induced by small-scale and body-generated
turbulence. V𝑠2 is the velocity vector that applied with a moving average filter, with the window
size corresponding to the turbulence length scale of 30 times of the mean roof height, so that the
uncorrelated small-scale fluctuations is removed from the QS component.
In order to develop a general method for estimating plocal, it is necessary to normalize it so that the
difference in distributions due to terrain and nominal wind direction can be reduced, which leads
to the definition of the non-dimensional coefficients R:
𝑝

𝑙𝑜𝑐𝑎𝑙
𝑅 = 𝜌×𝑘×|𝐶𝑝(𝜃,𝛽)|

(3)

where |𝐶𝑝(𝜃, 𝛽)| denotes the magnitude of the QS function, and 𝑘 denotes to the turbulence
kinetic energy, which is defined as:
1

′ )2 + ̅̅̅̅̅̅̅
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(4)

where 𝑢′ , 𝑣 ′ and 𝑤 ′ are the three fluctuating velocity components.
A three-parameter T-scale distribution is selected to fit the distribution of R data, thus, a statistical
model to account for the pressure component induced by small-scale and body-generated
turbulence is developed. The pressure time series can be then obtained by reversing equation (2)
using a Monte-Carlo approach, which takes the form:
1

𝛥𝑝(𝑡) = 2 𝜌V𝑠2 (𝑡) × 𝐶𝑝(𝜃, 𝛽) + 𝑅𝑟 × 𝑘 × |𝐶𝑝(𝜃, 𝛽)|

where 𝑅𝑟 is a random variable sampled from the fit statistical model. The peak pressure
coefficients are then obtained through extreme value analysis of the pressure time series.
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(5)

3. RESULTS AND CONCLUSIONS
The CDF functions of R from different terrains and nominal wind directions roughly yields to a
single curve after normalization, and therefore, can be represented by a fit statistical model. For
different panel cases, this model distribution is not significantly affected by panel size, but is
dependent on panel locations. Particularly, for panels that subject to suction loads due to flow
separations, the distributions of R are similar enough to be represented by a single model.
Figure 1 shows the peak pressure coefficients estimated from the combined model, compared with
the measured data and a pure QS model. The case is for a relatively large area-averaged panel at
an Open terrain, with the probability of non-exceedance of 0.99 in 1-minute model-scale time. The
panel is located at the roof corner, which is subject to suctions loads due to flow separation at most
of the wind directions. It can be seen that the results provided by the combined model matches the
measured data reasonably while, which is much better compared to a pure QS model, as the latter
one underestimates the peak significantly.

Figure 1. 99% probability of non-exceedance pressure coefficients in 1-minute time period for a roof-corner areaaverage panel in an Open terrain, obtained from the combined Monte-Carlo model using the partial-turbulence
approach, compared with the pure QS model and the measured data
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